Y oung adults are at particularly high risk for unhealthy, unwanted weight gain 1,2 and such gain can increase obesity risk in later adulthood. 3, 4 This unwanted weight gain in young adulthood is also associated with increased risk of developing many chronic diseases including type 2 diabetes, heart disease, stroke, and certain types of cancer. 5 Weight gain among young adults is especially common in the first year of college, with an average weight increase of approximately 1.55 kilograms in the first year. 6, 7 College weight gain has been linked to poor dietary behavior, increased alcohol intake, decreased physical activity, irregular sleep patterns, and increased academic stress. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] College students themselves have identified lack of time, lack of self-regulation (including motivation and self-control), food costs, convenience of less nutrient-dense foods, limited availability of nutrient-dense foods, "all-you-can-eat" meal plans, living situations, social norms, increased independence in food choice, and other social issues as influencing their dietary behaviors. [22] [23] [24] [25] [26] [27] [28] There is currently a lack of evidence-based programming or strategies available to prevent unwanted weight gain or reduce unwanted weight in college populations. 2, 29 More information on factors associated with unwanted weight gain during college is need-DOI: https://doi.org/10.5993/AJHB.41.4.2 ed to develop these needed interventions.
Multiple factors have been indicated to play a role in weight gain among college students. For example, there have been differences in body mass index (BMI) categories 15 or unwanted weight gain patterns found between sexes, 9, 30 but these studies have produced inconsistent outcomes. Some studies have reported male college students gained more weight 28, 30 or were more likely to be obese 15 than female students, whereas other studies found female students gained more weight than male students. 9 Many studies noted this difference in unwanted weight gain by sex is likely due to differences in personal characteristics among sexes that influence weight management behavior such as dietary physical activity habits, stress levels, residence, influence of their environment, emotional eating, and dietary restraint, among other factors, and how they influence behavior. 8, 9, 15, 24, 27, 28, 30, 31 For example, Kapinos, Yakusheva, and Eisenberg found obesogenic aspects of the campus food environment, specifically access to campus dining, significantly influenced the weight of female college students, but not male students. 24 In addition, Bennett, Greene, and Schqartz-Barcott found stress frequently influenced female students' eating patterns, which were often followed by guilt; however, male students' eating patterns were more influenced by boredom or anxiety, usually not experiencing post-consumption guilt. 31 However, these factors are usually studied and described separately rather than in combination, as they would usually act in real-world situations.
Cluster analysis has been used to sort individuals in groups by identifying homogenous factors to study these factors by sex; allowing the multiple factors to be considered in combination. 32 Although previous research has identified clusters of college students by their health behaviors, 33 there was a lack of focus on how clustered behavioral groups vary by sex. Understanding how multiple factors associated with unwanted weight gain interplay in homogeneous subgroups of the college population by sex will inform the development of effective, targeted prevention programs on college campuses. Therefore, the purpose of this study was to identify clusters of weight-related health behaviors by sex among a college student population.
METHODS
A secondary analysis of data from the Project Young Adults Eating and Active for Health (YEAH) was used to identify homogenous subgroups among male and female college students. The YEAH study was a community-based participatory research study and intervention based on the PRE-CEDE-PROCEED model. 34 The primary goal of the YEAH study was to prevent unhealthy weight gain in 18 to 24-year-old college students on 13 college campuses in the United States.
Each university partner recruited students to participate in the health-related intervention through verbal and electronic announcements, flyers, and ads in student newspapers. Participation eligibility included being a full-time first-, second-, or third-year student; having a non-health related academic major (eg, nutrition, exercise science, and/or health promotion); having a body mass index (BMI) ≥ 18.5 (calculated based on self-reported height and weight); not having any condition that would prevent participation in an intervention to prevent unhealthy weight gain (eg, life-threatening illness, pregnancy, or medical restrictions); and being between 18 and 24 years of age.
Data Collection
At baseline, participants (N = 1639) completed online surveys and in-person physical assessments. The surveys collected demographic data and assessed: (1) stress level using the Cohen Perceived Stress Scale (PSS) (14 items); 35 (2) life satisfaction with family, friends, school, self-, living environment, romatic relationships, physical appearance, job satisfaction, and overall using the Brief Multidimensional Students' Life Satisfaction Scale: College Version (BMSLSS-C) (9 items); 36 (3) dietary intake using the National Cancer Institute (NCI) Fat Screener (17 items), 37 NCI Fruit and Vegetable Screener (10 items), 38 and Sugar-Sweetened Beverages, Energy Drinks, and Coffee Intake questionnaire (15 items); 39 (4) routine and compensatory eating restraint, emotional eating, and external cues to eating using Schembre's Weight Related Eating Questionnaire (WREQ) (16 items); 40 (5) physical activity using the International Physical Activity Questionnaire (IPAQ) (9 items); 41, 42 (6) outcome expectations, personal barriers, and self regulation using Schembre's Physical Activity Behavior Questionnaire (PABQ) (15 items); 43 and (7) mealtime behavior intention and self-regulation using the Self-instruction for Healthful Mealtime Behavior Intention and Self-regulation of Healthful Mealtime Behavior, created for the Project YEAH study. 34 The PSS, BMSLSS-C, WREQ, and PABQ were developed and validated using a college population. 35, 36, 40, 43 In addition, the PSS, WREQ, and PABQ are measured on a 5-point likert scale and the BMSLSS-C is measured on a 7-point likert scale. 35, 36, 40, 43 The dietary measures also were validated, but for the general adult population, with these questionnaires providing percentage of total energy consumed from fat per day, 37 total cups of fruits and vegetables consumed per day, 38 and calories consumed from sugar-sweetened beverages per day. 39 The validated IPAQ questionnaire provided estimates for total time spent doing different physical activity tasks per week, reported in Metabolic Equivalent of Task (METS), as well as total time reported sitting each week. 41, 42 The information gathered with the IPAQ questionnaire was also used to calculate the METS for vigorous, moderate, and walking tasks as well as categorize participants into low, moderate, or high activity levels. 42 Self-instruction for intention for healthful mealtime behavior (ie, plan-ning, choosing and assembling healthful meals) was measured with 6 items and self-regulation for engaging in healthful mealtime behavior was measured using 4 items based on the social cognitive determinants of eating. 34 As part of the physical assessment, trained personnel measured weight, height, and waist circumference in duplicate using standardized procedures (without shoes, socks, and excessive clothing and after voiding). All research assistants completed standardized anthropometric assessment training, and inter-rater reliability was determined to be >80% at each institution. Weight was recorded using digital scales to the nearest 0.1 kilogram (kg) with duplicates averaged and measurements repeated if there was > 0.2 kg difference between measurements. Height was recorded using digital stadiometers to the nearest 0.1 centimeter (cm) with a repeated measurement and then averaged. Both height and weight measurements were repeated if there was > 0.2-cm/kg difference, respectively; the measurements were repeated until 2 measurements were obtained within 0.2 cm/kg, respectively. BMI was calculated (kg/m²) and categorized by standard BMI criteria (18.5-24.9 normal weight; 25-29.9 overweight; and ≥ 30 obese). 44 Waist circumference was measured using Gulick non-stretchable tension tape at the level of the iliac crest. Waist measurements were within 0.5 cm, recorded to the nearest 0.1 cm, repeated, and averaged. Participants were considered at an "elevated health risk" if they had an increased waist circumference (≥102 cm for men and ≥ 88 cm for women) 45 and were categorized in either the overweight or obese category for BMI.
Data Analysis
Surveys were analyzed using SPSS (version 21.0, 2012, SPSS, Inc., Chicago, IL). Cluster analysis was performed for each sex to identify subgroups with homogeneous characteristics and behaviors. Two-step cluster analysis was used combining sequential and hierarchical agglomerative methods pre-clustering and then sub-clustering data. The log-likelihood measure was used as a distance measure. The number of clusters was determined by automated cluster selection based on largest relative increase in distance between the 2 closest clusters defined by the Schwarz Bayesian Criterion (ie, BIC). 46 Data preprocessing for cluster analysis was performed, including variable selection, variable normalization, outlier removal, and missing value imputation. Variable selection is critical for deriving meaningful clusters not only for interpretability but also for algorithmic effectiveness. 47 In our study, 8 derivation variables (with intent to include as many variables as possible) were selected among more than 50 variables collected to ensure (1) good coverage of a variety of heath behavior characteristics, and (2) low inter-correlation among them. These variables were selected based on a combination of the research team's domain experts and judgments (covering variables of the greatest interest) and algorithm (avoiding strong correlation among those selected). Independence among the variables was confirmed (-0.4<r<0.4) before being entered into analysis. Thus, the following derivation variables were used: healthy eating, WREQ restraints, WREQ external cues, Cohen's stress score, total cups of fruits and vegetables per day, percent fat calories in diet, calories from sugar-sweetened beverages, and total METs. All these derivation variables were transformed into normal distribution using the equal-area method described by Darlington. 48 If any of an individual's normalized values for a derivation variable was beyond 3 standard deviations from the mean, it was considered an outlier and removed before further analysis. Thus, 28 individuals were not included in the analysis. Three other participants were omitted due to not having identified their sex. An additional 14 participants were omitted due to missing data for at least 4 scales out of the 8 used in the cluster analysis. For the remaining individuals, missing values were imputed using sex-specific means based on remaining records. Thus, data for 1594 individuals were included in the cluster analysis. Figure 1 provides an illustration of the process of reaching the final sample size for the study.
Cluster validation was performed both internal- ly and externally. 49 For internal cluster validation, we evaluated the stability of clustering results using subsamples. 50 More specifically, cluster stability was confirmed by running the same clustering procedure using a subset of the samples and comparing consistency of the result with the entire sample. For each sex group, the samples were randomly divided into 10 equal partitions, and an iterative process was used to rerun the analysis using 9 of these partitions (ie, leaving one partition out at a time). Consistency with the original clustering results was measured by the Rand Index. 51 Weight status (such as BMI and risk groups) was used for external validation. The purpose of such validation variables was to check the association between health behavior clusters discovered against the weight status as the "ground truth." If the clusters had a high level of correspondence with the weight status, then our clustering results would help link to corresponding weight status. Clusters were validated against BMI and waist circumference categories using multiple analyses of variance (MANOVA). The association between cluster assignments and health risk categories was assessed using Chi-square tests. Post hoc Tukey tests were used to identify sources of differences among clusters if more than 2 clusters were found. To see the contribution of derivation variables to the clusters, a multivariate analysis of variance (MANOVA) was performed to evaluate effect sizes of the derivation variables while using the cluster ID as the dependent variable. Effect sizes were calculated for continuous and categorical variables. Effect sizes for continuous variables were the η 2 statistics from MANOVA within each variable group. Effect sizes for categorical variables were phisquared of each variable against the clustering.
RESULTS
Participants (N = 1594) were young adults (19.3±1.1 years) who were mostly white (69%) and residing on campus (75%) ( Table 1) . Approximately 32% of students were overweight or obese. There were 1077 female participants (67.6%) and 517 male participants (32.4%), as summarized separately in Tables 2 and 3 .
Variables considered relevant to body weight but not included as derivation variables, due to high correlations, are provided in the descriptive tables for informational purposes. They are listed, along with the demographic and lifestyle variables, in the group called "Additional Variables."
Cluster Analysis
Cluster analysis revealed a 2-cluster solution labeled as "Healthful Behaviors" and "At-risk" for female participants (Table 2 ). Female participants in the "Healthful Behaviors" cluster had a lower BMI and waist circumference than those in the "Atrisk" cluster and were less likely to be at elevated health risk. Dietary variables (healthy eating score, fruit and vegetable intake, and percent of calories from fat) contributed most to the distinctions between the clusters (ie, the largest effect sizes [ŋ 2 ]). The "Healthful Behaviors" cluster demonstrated more healthful dietary patterns (higher fruit and vegetable intake, fewer calories from fat and sugar sweetened beverages), more physical activity, and less perceived stress than those in the "At-risk" cluster. A subsequent analysis found additional differences between clusters. Female participants in the "Healthful Behaviors" cluster had greater satisfaction with life, more positive physical activity outcome expectations, lower perceived barriers to physical activity, more ability to self-regulate, more positive health beliefs for self-instruction for intent for healthful meals, more positive self-regulation for healthful meal behavior, and lower levels of emotional eating. Differences in demographics between clusters also were identified. More female participants in the "Healthful Behaviors" cluster were upper classmen, lived off campus, not in a relationship, white, and working at least part-time.
Male participants presented 3 clusters, labeled "Healthful Behaviors," "At-risk" and "Laid Back" (Table 3) . Healthy eating score, restrained eating, and perceived stress contributed most to the distinction among the identified clusters (largest effect sizes [ŋ 2 ]). The "At-risk" cluster had the highest BMI and waist circumference and persons were more likely to be at elevated health risk than those in the other clusters. The "Healthful Behaviors" cluster had the highest healthy eating and restraint scores, consumed the most fruits and vegetables, had the highest physical activity, and had the lowest consumption of fat and sugar sweetened beverages. Those in the "Laid Back" cluster had the lowest restrained eating, sensitivity to external cues, and perceived stress scores. The "At-risk" cluster had the lowest intake of fruits and vegetables, the least physical activity, and the highest consumption of fat and sugar sweetened beverages as well as the highest perceived stress and external cues scores. Subsequent analysis found that male participants in the "At-risk" cluster had the highest emotional eating and lowest satisfaction with life scores. The "Laid Back" cluster had the lowest levels of emotional eating. Furthermore, the "Healthful Behaviors" cluster reported the highest intakes of whole grains, self-instruction for health belief intent, and self-regulation for health belief behavior scores. The only difference in demographic factors among clusters was race. Fewer black male participants were found to be in the "Healthful Behaviors" than in the "At-risk" or "Laid Back" clusters.
DISCUSSION
Many of the behavior patterns observed between clusters for both sexes were similar to what is reported in the published literature on behaviors associated with increased risk of overweight/obesity; including those with higher BMIs had lower levels of physical activity, lower fruit and vegetable con- sumption, lower life-satisfaction, more emotional eating, and higher susceptibility to external food cues. 9, 18, 33, 52, 53 Both male and female participants in the "Healthful Behaviors" groups had more positive physical activity outcome expectations and lower perceived barriers to physical activity and also reported higher levels of physical activity. Future research utilizing experimental designs are needed to determine if focusing on increasing positive physical activity outcome expectations and lowering perceived barriers would result in increases in physical activity among college students.
The discovered relationship between emotional eating and external food cues with weight status for most of both male and female participants in this study was supportive of previous research that indicated increased BMI was associated with impulsivity and inhibitory control deficits. [54] [55] [56] These deficits identified in previous research included factors of external food cues producing overeating responses, and emotional eating and taste preferences dictating food choice. [54] [55] [56] Because this study did not evaluate overeating or taste influences, future research is needed to determine if differences between sexes exist regarding the relationship between overeating, influence of taste preferences, emotional eating, and responses to external food cues among college students.
This study revealed for most participants an association between lower levels of physical activity and higher BMI levels, along with other unhealthy habits, which was consistent with existing studies. 18, 33, 53 However, this was not true for the unique cluster of "Laid Back" male participants who had lower BMI levels and lower levels of physical activity than the "Healthful" male participants. The "Laid Back" cluster of male participants having less optimal health-related diet and physical activity behaviors, but healthy weights, was possibly the most important and unique finding of this study.
One fundamental difference for this unique group was that this group of "Laid Back" male participants had much lower stress than other groups (even lower than the "Healthful Behaviors" groups in both male and female participants). A more indepth study of these "Laid Back" male students is needed to understand the relationships among their weight-related behaviors and other characteristics. The long-term impact of less favorable health-related behavior on health outcomes for individuals in this "Laid Back" cluster is unknown, and additional research is needed.
The proportion of male participants in this "Laid Back" cluster (44%) was higher than the 34% of male college students in a similar "psychologically secure" cluster found by Greene et al. 33 Although, many of the factors measured and used in the cluster analysis differed between our study and Greene et al's study, the patterns for perceived stress, dietary restraint, physical activity, fruit and vegetable intake, BMI, and waist circumference were similar in both. The observed increase from 34% in Greene's study to the 44% found in our study may indicate an increase in the numbers of male students who are "Laid Back"/"psychologically secure." Future research needs to determine if the percentage of male college students is increasing in this category, and if increasing, the causal factors associated with those increases.
It is also unclear why a "Laid Back" cluster emerged in male but not female participants. Future research needs to investigate the absence of this "Laid Back" group among female college students. Besides the absence of this "Laid Back" group among female participants, there were other differences unique to the female participants in this study. Variables that contributed most to differences between the 2 female clusters, particularly the association of BMI and healthy eating behaviors of lower intake of fat and sugar-sweetened beverages, are consistent with previous research. [57] [58] [59] [60] [61] For example, female participants in the "At-risk" cluster consumed more energy from fat and sugar sweetened beverages, consumed fewer vegetables, and were more likely to be overweight/ obese than the female participants in the "Healthful Behaviors" cluster who consumed less energy from fat and beverages and more vegetables. Similar patterns were found when comparing male participants in the "Healthful Behavior" cluster to those in the "At-risk" cluster.
An example of this would be the need to differentiate between male participants categorized as being "Laid Back" or "Healthful Behaviors." Although they may both have a healthy BMI, they likely need different health promotion messaging. Although emotional eating and weight outcomes may be stereotyped as an issue for female students, we found a stronger relationship among emotional eating, life dissatisfaction, and BMI for male than for female participants. The relationship for men between emotional factors and BMI was not consistent between groups. The "Laid Back" male participants had low levels of restrained eating, sensitivity to external cues, emotional eating, perceived stress, and had a lower BMI; the male participants in the "At-risk" cluster, had an increased BMI and had the highest rates of emotional eating and lowest satisfaction with life scores between both sexes. Although emotion-related issues are important factors to consider when developing interventions for many college students of both sexes, our findings indicating the potential need to focus on emotional eating and life satisfaction for some male college students were unanticipated. However, it is important to emphasize that not all male students may need a focus on emotional issues, especially not "Laid Back" male students, and may not respond favorably to interventions utilizing that focus area. Tailoring of interventions to meet different groups' needs appears warranted.
Although there are some areas that may benefit from tailoring to meet differing needs by sex, there are also areas of foci that appear to be beneficial for inclusion in weight management interventions designed for both sexes. Common dietary factors important in weight management interventions on college campuses for most male and female students include: increased fruit, vegetable, and whole grain intake; reduced fat and sugar-sweetened beverage intake; and increased levels of physical activity. Other factors indicated by this study important to include in college weight management interventions seeking to improving dietary quality include improving abilities to self-regulate dietary intake, increasing intent to eat healthy meals, developing more positive self-regulation for healthful meal behavior, addressing restrained eating patterns, and lowering levels of emotional eating. There are also stress management and mental health factors (include overall satisfaction with life) that appear appropriate areas on which to focus weight management interventions for both sexes. However, the primary focus of this study being on diet and physical activity could lead to the possible limitation of omitting the influence of other potential factors not measured.
In evaluating the results of this study, the limitation of using a cross-sectional study design should be noted, meaning the associations identified cannot identify causal relationships. Cross-sectional studies also do not allow for an understanding of how behaviors may change over time. Differences in assessment tools used between different crosssectional studies limits the ability of researchers to make comparisons across studies. Although a strength of this 13-campus collaboration was that participating institutions tended to be large, landgrant universities, this study was a convenience sample and was not necessarily representative of a larger college population. However, the prevalence of overweight/obesity in this college sample was comparable to the 2015 American College Health Association's National College Health Assessment (32% and 35%, respectively). 62 Future research that incorporates a greater diversity of institutions would allow for stronger generalizability to larger college populations.
Overall this research revealed a number of factors that may be appropriate to consider when developing interventions for the prevention of undesirable or excessive weight gain in young adult populations. A focus on dietary and physical activity factors, as well as emotional eating and stress management as a part of an obesity prevention intervention would be especially appropriate for most, but not all, college students. Screening for differing health behaviors and tailoring of subsequent interventions are needed. Female college students in the "At-risk" cluster may benefit from a focus on emotional eating, stress management, and health behavior choices; female students in the "Healthful Behavior" cluster likely would benefit from interventions focusing on maintaining and supporting their healthy lifestyles. Male college students may require additional screening to identify if they are in a "Healthful Behaviors" group or a "Laid Back" group, as different messages may be more effective for each group. Importantly, when developing interventions for males in the "At-risk" cluster, issues of stress and emotional eating need to be addressed. The results of this research may be useful in developing tailored weight management interventions with young adult populations.
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